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Binge drinking is a widespread alcoliol-consumption pattern in youth and is linked to cogni- 
tive consequences, mostly for executive functions. However, other crucial factors remain 
less explored in binge drinking and notably the emotional-automatic processes. Dual- 
process model postulates that addictive disorders are not only due to impaired reflective 
system (involved in deliberate behaviors), but rather to an imbalance between under- 
activated reflective system and over-activated affective-automatic one (involved in impulsive 
behaviors). This proposal has been confirmed in alcohol-dependence, but has not been 
tested in binge drinking. The observation of comparable impairments in binge drinking and 
alcohol-dependence led to the "continuum hypothesis," suggesting similar deficits across 
different alcohol-related disorders. In this perspective, applying the dual-process model to 
binge drinking might renew the understanding of this continuum hypothesis. A three-axes 
research agenda will be proposed, exploring: (1) the affective-automatic system in binge 
drinking; (2) the systems' interactions and imbalance in binge drinking; (3) the evolution of 
this imbalance in the transition between binge drinking and alcohol-dependence. 
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INTRODUCTION 

Alcohol abuse and dependence constitute a central public health 
concern (Nutt et al., 2010) and are directly involved in more than 
4% of all death worldwide (Rehm et al., 2009). The cognitive and 
cerebral consequences of alcohol-dependence have been exten- 
sively described (Biihler and Mann, 2011; Stavro et al., 2013). 
However, as the huge majority of these studies focused on pro- 
longed alcohol-dependence, other types of alcohol-consumption 
patterns have been far less explored. This is particularly true for 
binge drinking, characterized by the repeated alternations between 
intense intoxications and repeated withdrawals. This consump- 
tion habit is now a widespread phenomenon in youth, as 40-60% 
of adolescents and young adults in Western countries are now 
considered as binge drinkers (Archie et al., 2012; Johnston et al., 
20 1 2) . Nevertheless, while binge drinking is far more frequent than 
alcohol-dependence in youth (Hingson et al, 2006), its cognitive 
and cerebral consequences have only been explored during the 
last decade (Hermens et al, 2013). It has been shown that binge 
drinking is associated with rapid alterations in attention, memory, 
and executive functions, and with functional brain impairments, 
mostly in frontal regions (Schweinsburg et al., 2010; Campanella 
et al., 2013; Jacobus and Tapert, 2013). These recent data led to 
the proposal that binge drinking is centrally associated with high- 
level cognitive functions impairments and can thus be described 
as a disorder of the reflective system responsible for controlled 
behaviors. 

While deficits in executive functions and inhibition are indeed 
a central feature in binge drinking, the exclusive focus on these 
processes hampered the exploration of other crucial factors. 
Recent influential model of alcohol-related disorders, namely the 
dual-process model (Noel et al., 20 1 0; Wiers et al, 20 1 3 ) , postulates 
that alcohol-dependence is not only associated with impaired 



executive control, but rather with a simultaneous reduction of 
executive control and an increased impact of automatic and emo- 
tional processes. The links between binge drinking and alcohol- 
dependence are still to be clarified, but the observation of par- 
allel impairments among binge drinkers and alcohol-dependent 
individuals (e.g., Maurage et al., 2012) and the observation that 
binge drinking during adolescence increases the risk of alcohol- 
dependence in adulthood (Bonomo et al, 2004) led some authors 
to propose a connection between binge drinking and alcohol- 
dependence, summarized in the continuum hypothesis (Enoch, 
2006): binge drinkers would display qualitatively similar but quan- 
titatively less marked impairments than alcohol-dependent indi- 
viduals. Accordingly, binge drinking might thus also be associated 
with hyper-activation of this affective-automatic system underly- 
ing the uncontrolled and emotional behaviors. Nevertheless, the 
integrity of this system in binge drinking has not been experi- 
mentally tested. More globally, if the dual-process model is now 
well-validated in alcohol-dependence, it has not been directly 
tested in earlier stages of alcohol-related problems, and partic- 
ularly in binge drinking. The main aim of this paper is thus 
to underline the need to test the validity of the dual-process 
model in binge drinking in order to have a better understand- 
ing of this phenomenon and to directly explore the continuum 
hypothesis. After having described the theoretical framework of 
this model and its validity for alcohol-dependence, a literature 
review of the data available concerning impairments in executive 
control among binge drinkers will be proposed, before reporting 
the few evidences concerning the deficits for automatic and emo- 
tional processes. We will then propose a research agenda centrally 
focused on three experimental axes: (1) the specific evaluation 
of affective-automatic system in binge drinking; (2) the elucida- 
tion of the interactions between reflective and affective-automatic 



Frontiers in Human Neuroscience 



www.frontiersin.org 



June 2014 | Volume 8 | Article 405 | 1 



Lannoy et al. 



Dual-process model in binge drinking 



systems and their imbalance in binge drinking; (3) the build- 
ing of a developmental perspective, i.e., the exploration of the 
evolution of this imbalance across the successive stages of alcohol- 
dependence, from early abuse in binge drinking to chronic misuse 
in alcohol-dependence. 

DUAL-PROCESS MODEL IN ALCOHOL-DEPENDENCE 

Dual-process model (Mukherjee, 2010) posits that decision- 
making abilities result from the interactions between two systems: 
(1) the "reflective system," involved in the cognitive evaluation 
of the stimuli by means of memory and executive functions, 
responsible for controUed-deliberate responses; (2) the "affective- 
automatic system," involved in the emotional evaluation of the 
stimuli, initiating automatic-appetitive responses. Neuroscience 
studies (Daw et al, 2005; Hampton and O'Doherty, 2007) sus- 
tained these proposals by showing that these systems are asso- 
ciated with distinct cerebral networks, i.e., limbic network for 
the affective-automatic system and prefrontal network for the 
reflective system. 

Alcohol-dependence is characterized by short-term decision- 
making (e.g., consuming to relieve a negative emotional state) 
leading to the persistence of maladjusted behaviors despite their 
long-term negative consequences. Following the dual-process 
view, recent models (Noel et al, 2010; Wiers et al., 2013) pro- 
posed that alcohol-dependence relies on an impairment of the 
two systems, leading to an imbalance. First, the affective-automatic 
system is over-activated by emotional or alcohol-related stimuli, 
leading to impulsive prepotent behaviors. Second, the reflective 
system is impaired, leading to an inability to voluntarily inhibit 
the consumption. These models have been supported by empirical 
data showing: (1) emotional impairments in alcohol-dependence 
(i.e., reduced performance in the identification of the emotional 
content of faces, voices, postures, or words), and particularly 
an over-reactivity of the limbic system when confronted with 
socio-affective (Uekermann et al., 2005; Maurage et al., 2008) or 
alcohol-related stimuli (Bjork et al, 2008); (2) marked alterations 
of prefrontal abilities, mostly in tasks requiring executive control, 
inhibition (Stavro et al., 2013), or high-level deliberative processes 
(Coskunpinar et al, 2013). 

Dual-process model has thus been largely validated in alcohol- 
dependence and constitutes a reliable theoretical framework. 
However, this model has received very little support from stud- 
ies exploring other alcohol-consumption patterns and it is thus 
unknown whether it is also valid for other alcohol-related prob- 
lems, and particularly for binge drinking. Indeed, the reflective 
system has been tested among binge drinkers by exploring exec- 
utive functions, but the alterations of the affective-automatic sys- 
tem and the potential imbalance between systems remain to be 
explored. The scarcity of the data exploring the systems related 
to dual-process model thus currently hampers to generalize this 
model to binge drinking. 

REFLECTIVE SYSTEM IN BINGE DRINKING 

The cognitive and brain impairments related to the reflective 
system have been extensively explored (Hermens et al., 2013; 
Petit et al., 2014) in binge drinking among adolescents (12- 
18 years) and young adults (18-25 years). Neuropsychological 



studies focusing on behavioral tasks have highlighted the rapid 
appearing of cognitive consequences among binge drinkers com- 
pared to abstinent matched controls. Indeed, after only 1 year of 
binge drinking, impairments have been identified in perceptive- 
motor (Brumback et al., 2007) and attentional abilities (Zeigler 
et al., 2005). Several studies have also shown altered higher-level 
functions, notably working and episodic memory (Scaife and 
Duka, 2009). However, as executive impairments are the cru- 
cial feature of alcohol-dependence, studies mostly explored these 
deficits in binge drinking, consistently showing impairments for 
planning, updating, flexibility, or inhibition (Hartley et al., 2004; 
Tapert et al, 2004; Goudriaan et al., 2007). 

Importantly, these behavioral results have been extended by 
neuroscience data. Electrophysiological studies first showed that 
the event-related potentials associated with attentional and execu- 
tive processes have abnormal latency and amplitude during work- 
ing memory tasks in binge drinking (Ehlers et al., 2007; Crego 
et al, 2012; Lopez-Caneda et al., 2013). Moreover, neuroimag- 
ing studies suggested the brain areas involved: anatomical studies 
showed reduced cortical thickness among male binge drinkers 
(Squeglia et al., 2012) and reduced activations in prefrontal areas 
during memory and executive tasks were observed (Schweins- 
burg et al, 2010, 2011; Xiao et al, 2013). However, the rela- 
tionship between binge drinking and cognitive-cerebral deficits is 
still under debate. Several longitudinal studies in adolescents and 
young adults showed a progressive appearance of the deficits with 
alcohol- consumption increase (Goudriaan et al., 2007; Maurage 
et al, 2009; jacobus et al, 2013; Mota et al, 2013), but oth- 
ers identified executive deficits before any alcohol consumption 
(Nigg et al, 2004; Weafer and Fillmore, 2008), suggesting that 
reduced fronto-parietal activations in children might predict binge 
drinking (Norman et al, 201 1). 

The available data thus clearly suggest that binge drinking is 
associated with important impairments of the reflective system. 
However, the scarcity of longitudinal studies and the absence of 
direct comparison between binge drinkers and alcohol-dependent 
individuals prevent the elaboration of a developmental perspec- 
tive on the reflective system's deficits across the successive stages 
of alcohol-related problems, and the validity of the continuum 
hypothesis is stUl to be tested. 

AFFECTIVE-AUTOMATIC SYSTEM IN BINGE DRINKING 

Affective-automatic system has been extensively explored in 
alcohol-dependence. On the one hand, alcohol-dependent indi- 
viduals present higher automatic processing and attentional biases 
toward alcohol-related stimuli (Field and Cox, 2008; Field et al., 
2009). As this increased sensitivity to alcohol- related cues plays 
a role in the persistence of craving and increases the relapse risk 
after detoxification, interventions developed to reduce this sensi- 
tivity and thus lower consumption have flourished (Fadardi and 
Cox, 2009; Schoenmakers and Wiers, 2010). On the other hand, 
alterations in the processing of emotional and interpersonal stim- 
uli have been observed in alcohol-dependent individuals, these 
patients notably displaying over-interpretation of negative emo- 
tional signals (Kornreich et al, 2001; Maurage et al., 2008) and 
increased sensitivity to social rejection (Maurage et al., 2012). 
Alcohol-dependence is thus associated with over-reactivity of the 
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affective-automatic system, but a systematic exploration of this 
system is lacking in binge drinking. 

Concerning the increased automatic approach for alcohol- 
related cues, a study among young adults (Field et al., 2008) 
suggested that an increased sensitivity toward alcohol cues dur- 
ing early alcohol consumption might be involved in the evolution 
toward alcohol-dependence. This proposal has received several 
confirmations among heavy drinkers or social drinkers, by show- 
ing that these alcohol-consumption patterns are associated with 
stronger craving (Grtisser et al., 2006) and with over-sensitivity to 
alcohol, as measured in various implicit tasks (Wiers et al., 2005; 
Field et al, 2008; Peelers et al, 2012; Kessler et al, 2013; Petit 
et al, 2013). Interestingly, recent longitudinal studies showed that 
the intensity of automatic approach tendency (particularly when 
combined with poor inhibition) significantly predicts future alco- 
hol consumption among adolescents, confirming the importance 
of the automatic system in the initiation of excessive alcohol con- 
sumption (Thush and Wiers, 2007; Peeters et al., 2013). These 
studies clarified the involvement of the automatic system in alcohol 
consumption, but nearly all of them included various alcohol- 
consumption patterns without specifically exploring binge drink- 
ing. Actually, only one study (Thush and Wiers, 2007) focused on 
binge drinking in adolescence, but did not compare binge drink- 
ing with other consumption patterns. It thus remains unknown 
whether the impairments described for the automatic system in 
youth are modulated by a specific binge drinking consumption or 
are present whatever the excessive alcohol consumption is (e.g., 
heavy drinking, hazardous drinking). This question is important 
as it has been shown (Maurage et al., 2012) that the repeated alter- 
nation of intoxication and withdrawal found in binge drinking 
leads to different consequences than other alcohol consumption 
patterns, even when the total amount of alcohol consumed per 
week is identical. Binge drinking thus seems to constitute a par- 
ticularly harmful habit, but this proposal is still to be explored for 
the automatic system. 

Concerning the emotional disturbances, very little has been 
done in binge drinking. Several studies have described increased 
depression, anxiety, or negative mood levels in young adults binge 
drinkers for self-reported measures (Townshend and Duka, 2005; 
Bekman et al., 2013), but these results have not been confirmed 
by experimental studies focusing on mood induction or affective 
perturbations. Only two studies directly explored the processing of 
emotional stimuli in binge drinking, by means of affective prosody 
decoding tasks. The first one (Maurage et al., 2009), conducted 
among young adults, showed that after only 9 months of binge 
drinking, the electrophysiological components associated with the 
processing of emotional human voices are disrupted. The sec- 
ond one (Maurage et al, 2013) extended these results by showing 
that young adults binge drinkers have a reduced performance in 
emotional voice categorization, this behavioral impairment being 
linked with a double brain alteration: binge drinkers presented 
reduced activation in the voice processing area (i.e., superior tem- 
poral gyrus), but showed increased activation in another area 
usually not involved in emotional processing (i.e., middle frontal 
gyrus). This result can be interpreted as reflecting a compensatory 
activation (i.e., the recruitment of preserved brain areas to com- 
pensate for impaired activity in areas usually involved in the task). 



as observed earlier for working memory abilities (Schweinsburg 
et al., 2010; Campanella et al., 2013). This preliminary evidence 
suggests that binge drinking might be associated with impairments 
of the affective system, but further studies should confirm and 
extend these data. 

RESEARCH PROGRAM: APPLYING THE DUAL-PROCESS 
PERSPECTIVE TO BINGE DRINKING 

The application of dual-process model in alcohol-dependence led 
to an in-depth renewal of this field, but its validity has not been 
explored in binge drinking. Indeed, several theoretical models of 
binge drinking have been proposed (e.g., Oei and Morawska, 2004; 
Elliott and Ainsworth, 2012), but they were focused on the psycho- 
logical variables predicting binge drinking and did not take into 
account the cognitive and cerebral consequences of this drink- 
ing habit, and the influence of these deficits on the evolution of 
alcohol consumption. Moreover, as shown above, the impairments 
related to the affective-automatic system are still to be explored. 
Two major limits currently hamper to obtain a reliable theoret- 
ical background to apply dual-process model to binge drinking: 
first, the interactions between reflective and affective-automatic 
systems are unknown, and second no study directly compared 
the systems' deficits in binge drinking and alcohol-dependence. In 
view of these current limitations, three main research axes will now 
be proposed to end up in the emergence of a new model of binge 
drinking, capitalizing on the dual-process perspective. These three 
axes will combine cross-sectional (Axes 1 and 2) and longitudinal 
(Axis 3) designs to respectively explore: 

( 1 ) The affective- automatic system in hinge drinking: as state above, 
the affective correlates of binge drinking remain nearly unex- 
plored. A first part of this axis will thus be to offer a pre- 
cise exploration of the automatic system over-activation, by 
proposing a multi-evaluation using various validated tasks 
(e.g., implicit association, memory association, attentional 
bias) to assess the impairments presented by binge drinkers as 
compared to non-drinkers. A second part will be to explore 
the emotional system in binge drinking. Indeed, future stud- 
ies should test whether these processes are already impaired 
in adolescents and young adults binge drinkers by means 
of a comprehensive exploration ranging from basic emo- 
tional abilities (e.g., facial or vocal emotion decoding) to 
complex affective skills (e.g., empathy, emotional intelligence) 
and interpersonal aptitudes (e.g., social integration and inter- 
actions). As emotional impairments have been found to 
play a crucial role in the development and maintenance of 
alcohol-dependence, understanding the early alterations of 
this affective system and its implications in the first stages of 
alcohol-dependence is required. 

(2) The interactions between systems and their imbalance in binge 
drinking: the main proposal of the dual-process model is that 
addictions result from an imbalance between reflective and 
affective-automatic systems. This proposal remains to be con- 
firmed in binge drinking. It has been shown that the combina- 
tion of hypo-activated reflective system and hyper-activated 
affective-automatic one might favor the development of exces- 
sive alcohol consumption in adolescence (Peeters et al, 2013), 
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but the direct interactions between these systems have not 
been tested in experimental settings. Importantly, it has been 
proposed that impulsive and risk-taking behaviors in ado- 
lescence might be due to the differential maturation of the 
two systems, the reflective system being undeveloped while 
the affective-automatic one would be over-activated (Stein- 
berg, 2007). Neuroimaging studies in healthy adolescents 
supported this hypothesis (e.g., Gogtay et al., 2004; Blake- 
more et al., 2007), but the presence of an imbalance in 
risk-taking youth has not been proven. As binge drinking 
is a very frequent risk-taking habit, it constitutes an ideal 
population to test this proposal. A direct exploration of the 
systems' imbalance should thus be conducted in this pop- 
ulation, not only by exploring each system separately, but 
rather by means of experimental tasks specifically testing 
emotion-cognition interactions (e.g., emotional flanker task, 
prepotent response inhibition tasks using affective stimuli). 
This paradigm shift from correlational approach (i.e., sep- 
arately exploring the two systems) to experimental one is 
required to actually test the main proposal related to dual- 
process model. Finally, adding a group of alcohol-dependent 
individuals in these cross-sectional designs would allow the 
comparison of these systems' imbalance across binge drink- 
ing and alcohol-dependence. This would offer new insights 
concerning the validity of the continuum hypothesis, stating 
that binge drinking and alcohol-dependence would not con- 
stitute separate entities but would rather be the two successive 
stages of a single phenomenon (Enoch, 2006). However, the 
in-depth exploration of this hypothesis can only be done by 
longitudinal approaches, as proposed in the following axis. 
(3) The evolution of this imbalance across the successive stages of 
alcohol- dependence: while several studies have supported the 
continuum hypothesis by showing that binge drinkers dis- 
play similar impairments than alcohol-dependent individuals 
regarding cognitive and emotional abilities, but also at the 
cerebral level (Maurage et al, 2009, 2012; Sanhueza et al, 
20 11 ), no study directly explored this transition between binge 
drinking and alcohol-dependence within a cohort of partici- 
pants. This third research axis will use a longitudinal approach 
with multiple testing sessions starting in early adolescence to 
explore the mutual influences between binge drinking habits 
and systems' impairments. This longitudinal perspective will 
bring two main insights as compared to cross-sectional one: 
first, by starting before the onset of alcohol consumption, it 
will clarify the existence of pre-existing cognitive-emotional 
deficits in binge drinking. Second, as this exploration will 
be carried on through adolescence and adulthood, it will 
explore the evolution of the deficits during the modification 
of drinking habits (i.e., the potential reduction of these deficits 
when binge drinking stops, and conversely their progression 
when binge drinking evolves toward alcohol-dependence). To 
our knowledge, this would constitute the first direct explo- 
ration of the transition between binge drinking and alcohol- 
dependence, allowing to determine the crucial predictors of 
this transition. 

To conclude, our proposal is that an in-depth exploration 
of the dual-process model in binge drinking might totally 



renew this model by adding a developmental perspective, lead- 
ing to strong implications. At the theoretical level, it would 
notably renew the continuum hypothesis by extending it 
toward affective-automatic system's deficits and systems' inter- 
actions. At the clinical level, it might lead to the creation 
of prophylactic rehabilitation programs proposing early inter- 
ventions to re-equilibrate the balance between reflective and 
affective-automatic systems at early stages of excessive alcohol 
consumption. 
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